*This paper presents a method which is called the equidistant approximation algorithm (EAA) to solve the combined Economic dispatch and Emission dispatch (EED) problem with transmission losses. The equidistant approximation algorithm (EAA) is a new method for generating a concise and representative approximation of the efficient set of a nonlinear multi-objective optimization problem. For the parameter dependent ε constraint scalarization an algorithm is given which allows an adaptive controlling of the parameters -the upper bounds-based on sensitivity results such that equidistant approximation points are generated. The results of the equidistant approximation algorithm (EAA) to solve EED are tested with three units generator power system. The results obtained are compared with the weighted sum approach and indicate that the equidistant approximation algorithm has good diversity characteristics and provides better exploration of the Pareto front.
INTRODUCTION
The economic load dispatching (ELD) is one of main problems in power system operation and planning. The basic objective of economic load dispatch (ELD) is to schedule the committed generating unit outputs so as to meet the load demand at minimum operating cost, while satisfying all equality and inequality constraints.
This makes the ELD problem a large -scale highly constrained non-linear optimization problem. In past, many mathematical and different heuristic techniques were given. But because of the usage of fossil fuels (by incineration of coal), thermal power plants may release many contaminants, such as Sulphur Oxides (SO2) and other Oxides of Nitrogen (NOX ). It may directly affect human beings, plants and animals etc. So there, it is necessary to minimize these emissions comings from a thermal power plant.
Several strategies including the use of low emission fuels, replacement of the aged fuel-burners with cleaner ones, use of natural gas and emission dispatching have been suggested [ 1, 2] .
In general, the strategies developed to address emission reduction and control problems can be broadly divided into two groups [3] namely: emission methods and minimum cost methods. The minimum emission methods are aimed at minimizing the total emission [4] or the distributed emission function, that is based on the emission dispersion model.
Minimum cost methods integrate the emission objective into the problem as a constraint.
The most attractive option was the combined emission-economic dispatch (EED) [5] in which the problem is formulated as a multi-objective optimization whose solution underpins the operating strategy.
This has extended the definition of the economic load dispatching problem from a single objective case to a multi-objective one which is called the Economic Emission Dispatch (EED) multi-objective problem. The Economic Emission Dispatch (EED) multi-objective problem seeks to simultaneously minimize both fuel cost and the emissions produced by power plants.
The Economic Emission Dispatch (EED) option is an attractive short -term alternative in which the emission in addition to the fuel cost objective is to be minimized.
Many strategies have been adopted to obtain an optimal solution for this multi-objective problem. One approach is to form a weighted sum of the multiple objectives in order to create a composite objective function [6] [7] . Another approach chooses one of the objective functions and treats the rest of the objectives as constraints by limiting each of them within certain pre-defined limits [8] . The problem with these methods is that they require specification of weighting coefficients or pre-defined limits which affect the quality of solutions obtained. Also, as common with analytical methods, several runs have to be performed in order to obtain different and acceptable non-dominated solutions for the decision maker to choose.
The EED problem has also been solved using the NSGAII [9] while in [10] , a stochastic approach developed around the NSGA-II was used.
The set of solutions achieved by a multi-objective optimization algorithm is required to satisfy both convergence and diversity criteria. The convergence criterion requires that the obtained approximation set should be as close as possible to the true Pareto front while the diversity criterion requires that it should be well-spread and covering wide areas of the Pareto front.
Although elitist MOEAs such as the NSGA-II do well in progressing close to the Pareto-optimal set with a good distribution of solutions because of the inclusion of explicit diversity-preservation operator in them, they do not guarantee true convergence to the Pareto-optimal set [11] . This is because the diversity-preservation operator always emphasizes the less crowded solutions in the non-dominated set causing some solutions that are already Pareto-optimal to be replaced by non-Pareto ones. It can be concluded from the foregoing that elitist multi-objective optimization evolutionary algorithms cannot simultaneously meet the requirements of convergence to the Pareto front and maintenance of a diverse solution set; hence the need to incorporate a mechanism that improves convergence to the Pareto front while maintaining a good spread of solutions [12] [13] .
We organize the rest of the paper as follows. In Section 2 we provide the formulation of the economic-emission dispatch problem, highlighting generation cost as well as the pollutant emissions. These are then combined in multi-objective optimization problem. In Section 3, the equidistant approximation algorithm is described for multi-objective optimization. In Section 4, we apply the equidistant approximation algorithm to a 3 unit systems to verify its effectiveness. We draw conclusions in Section 5.
EED PROBLEM FORMULATION
The objective of Economic Emission Dispatch is to minimize two competing functions, fuel cost and emission, while satisfying several equality and inequality constraints. Therefore，it is formulated as follows.
Minimization of Fuel Cost
The generator cost curves are represented by quadratic functions and the total fuel cost in ($/h) can be expressed as
Where N is the number of generators; , , are the cost coefficients of the i th generator and is the real power output of the i th generator, is the vector of real power outputs of generators and defined as , , … ,
Minimization of Emission
The total emission in (ton/h) of atmospheric pollutants such as sulphur oxides SO x and nitrogen oxides NO x caused by the operation of fossil -fueled thermal generation can be expressed as (3) where , , are the coefficients of the i th generator emission characteristics.
Constraints

Generation Capacity Constraint
The power generated by each generator should lie between its minimum and maximum limits i.e. 
where is the minimum power generated by the i th generator and is the maximum power generated by the i th generator.
Power Balance Constraints
The total electric power generation must cover the total electric power demand and the real power loss in transmission lines . This is given by
The transmission losses can be evaluated by means -Matrix method that is taken into account so as to achieve the accurate economic dispatch. (6) Where is the output generation of unit (MW), is the element of the loss coefficient square matrix .
Formulation
The bi-objective Economic Emission Dispatch problem is therefore formulated as min , , . . 0, 0.
where is the equality constraint representing the power balance, while is the inequality constraint representing the generation capacity.
The Equidistant Approximation Algorithm
In this section, we describe briefly the equidistant approximation algorithm [14] . The equidistant approximation algorithm is a new method for generating a concise and representative approximation of the efficient set of a nonlinear multi-objective optimization problem. For the parameter dependent  -constraint scalarization, an algorithm is given which allows an adaptive controlling of the parameters -the upper bounds-based on sensitivity results such that equidistant approximation points are generated.
Basic Notations
We are interested in finding minimal points of the bi-objective optimization problem (8) 
We denote Ω xϵ | 0, 1, , , 0, 1, , .In order to understand, we firstly introduce two definitions(see [15, p.5] 
and at least there is ∈ 1,2 such that an inequality is strict in (9) . Definition 2 A solution * ∈ Ω is said to be Pareto optimal solution for the bi-objective optimization problem (8) i. e. let the uniformity level be . We summarize these conditions for the case of a bi-objective optimization problem (8) , by the following: Let , , , be an approximation of the efficient set of (8) with efficient points. We speak of an equidistant approximation with the distance if for consecutive (neighbored) approximation points (e. g. ordered w. r. t. one coordinate in increasing order), it holds|| || for 1,2, , 1.
The Equidistant Approximation Algorithm(EAA) Steps
Step 1: Choose a desired distance 0 between approximation points. Choose M so that for all ∈ Ω. Solve with minimal solution and Lagrange multipliers , , . Set and ≔ 1. Where is as follows: min . . , 0, 1, , , 0, 1, , .
Step 2: Solve min ∈ with minimal solution .
Step 3: Set
Step 4: If , solve with minimal solution and Lagrange multipliers , , and go to step 3. Otherwise stop. Where is as follows:
This algorithm leads to an approximation , , , , , of the efficient set of (8) and so in an approximation , , , , of the efficient set with points with a distance of approximately . Solving problem in Step 1 is equivalent to solve min ∈ .
Often the distance which is needed in Step 3 results from the considered application. Otherwise, the following guideline can be used: for a desired number of approximation points ∈ choose a value || ||
.
RESULTS AND DISCUSSION
The proposed optimization algorithm is applied to a 3 unit systems to verify its effectiveness. The coefficient of loss matrix and data for three-unit system has taken from [17] with 400 MW of load demand. The coefficient of loss matrix it is given in Equation (10) and the values of generator fuel cost and emission coefficients are given in Table 1 . is considered in the power balance constraint. The generation capacity constraint is also considered. The number of variables chosen to run the algorithm is 3 which is equal to the number of generating units. The equidistant approximation algorithm (EAA) have been applied to the EED problem and both objectives were treated simultaneously as competing objectives. Approximation of the efficient set of Three System is shown in Fig. 1 . For comparison with the well-known wide-spread scalarization approach of the weighted-sum method, we consider the problem: min ∈ with weights , ∈ 0,1 , 1. By an equidistant variation of the weights, we get the 20 approximation points shown in Fig. 2 , with a highly non-uniform distribution. By comparing the calculated results in Fig. 1. and Fig. 2 ., it can be seen that the equidistant approximation algorithm gives results which are better than the weighted-sum method in diversity characteristics.
CONCLUSION
In this work, the equidistant approximation algorithm (EAA) has been successfully applied for solving environmental/economic power dispatch problem. The problem has been formulated as a multi-objective optimization problem with competing economic and environmental impact objectives. The equidistant approximation algorithm (EAA) has been compared to the weighted sum approach. The results show that the equidistant approximation algorithm has better diversity characteristics when compared to the weighted sum approach. The results show that the equidistant approximation algorithm are effective tools for handling multi-objective optimization where multiple Pareto-optimal solutions can be found in one simulation run. Numerical examples are considered which show that the proposed algorithm is efficient.
